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METHOD AND SYSTEM FOR INTEGRATING FIXED TERMINALS IN A MO- 
BILE TELECOMMUNICATIONS NETWORK 



5 

BACKGROUND OF THE INVENTION 

The invention relates to a telecommunication system which integrates a mobile 
network with a wireline network. 

10 

In a conventional wireline network, for example one of the type which is known 
as the "Plain Old Telephone System" (POTS), subscribers are provided with a di- 
rectory number for a location in the system i.e. an access point where a fixed 
terminal of the subscriber is connected to the system, and calls are switched 
15 through to the location indicated by the directory number. Customer services, 
billing procedures and enhanced services to which the user has subscribed are 
organized on the basis of the principle that the service is tied to the fixed access 
point. 

20 In contrast, a mobile network has to be organized in view of the fact that access 
is not a through fixed access point but through mobile terminals. As a conse- 
quence, services are stored and provisioned on a single node in the netwsork 
and distributed on an "as needed" basis. The subscriber is identified by a unique 
and permanent identifier, for example by the "International Mobile Subscriber 

25 Identity (IMSI) in accordance with existing international standards. This identi- 
fier may for example be stored in a memory which is part of the mobile device it- 
self or in a separate insertable memory module, for instance a Subscriber Iden- 
tity Module (SIM) in an integrated chip card as is known from the European 
GSM mobile telecommunication system. Communication between the mobile de- 

30 vice and the stationary part of the network is achieved through an air link, i.e. 
by radio transmission. Radio transmission system protocols are used to identify 
the subscriber from the information encoded on the SIM card. Services which 
the user has subscribed to can be derived from the same provisioning node. 
They are linked against the subscriber ID that is also stored on the SIM card. 

35 

In a cellular mobile network such as GSM. the air link connects the mobile de- 
vice to one of a plurality of stationary transceivers each of which provides radio 
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coverage for a certain area (cell). The transceivers are interconnected by the mo- 
bile network which may be in the form of a packet network or in the form of a 
switched node type network as in GSM. The following description will refer to the 
GSM system as a typical example of a prior art mobile network. 

5 

Typically, a plurality of transceivers are controlled by a node which is called Mo- 
bile Services Switching Center (MSC). The MSCs can communicate with each 
other and with a central register which is called "Home Location Register" (HLR). 
This HLR stores the subscriber identifiers (IMSIs) of all subscribers along with 

10 location information and additional information which is needed among others 
for identifying the services to which the user has subscribed. Associated with 
each node (MSC) is a so-called Visitor Location Register (VLR) which stores the 
necessary data from the Home Location Register (HLR), but only for those sub- 
scriber identifiers (IMSIs) of the mobile devices that are presently "visiting" the 

15 area of radio coverage controlled by the MSC. When the mobile device enters 
into the area of radio coverage of another MSC, this has to be signaled to the 
Home Location Register (HLR), and a copy of the data file pertaining to this de- 
vice is transferred into the Visitor Location Register (VLR) associated with the 
new MSC. Thus, the HLR can keep track of the location of all mobile devices. In 

20 a call setup procedure, the HLR is queried by a Gateway MSC (GMSC) of the op- 
erator's network as to the current location of the called mobile device, and the 
HLR returns a "Mobile Subscriber Roaming Number" (MSRN) under which the 
called device can currently be reached. This MSRN is temporarily assigned to the 
called device by the MSC (terminating MSC) which is at that time visited by the 

25 called device. Then, the MSC that is in charge of the calling party (originating 
MSC) uses the MSRN for directly contacting the terminating MSC. 

A mobile network is typically linked to other networks, e.g. to a Public Switched 
Telephone Network (PSTN), by mans of a gateway, e.g. a gateway MSC (GMSC), 

30 so that it is possible to make a call from the mobile network into the PSTN and 
vice versa. On the other hand, a mobile subscriber will normally have direct ac- 
cess to a PSTN through a fixed terminal, e.g. an analog telephone or an ISDN 
Basic Rate Interface (BRI). This co-existence of mobile networks and wireline 
networks has several drawbacks. From the viewpoint of the user, a main draw- 

35 back is that he has to subscribe to two different networks, one mobile network 
and one wireline network. In addition to increased costs, this involves the incon- 
venience that the user has to cope with different sets of services offered by the 
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operators of the two networks, and the service profiles to which the user has 
subscribed in the two networks will generally not be consistent with each other. 
From the viewpoint of the operator, a main drawback can be seen in the neces- 
sity to establish and run two separate networks, a mobile network and a wire- 

5 line network, in order to provide full service to the customers. Although many 
services will be similar or even identical in the mobile network and in the wire- 
line network, these services must be developed and implemented separately in 
the two networks. It would therefore be desirable to provide for more "conver- 
gence" between the two types of telecommunication networks and, ideally, to in- 

10 tegrate mobile network facilities and wireline network facilities into a single net- 
work which is organized under a unique scheme and includes service facilities 
that may be used in common for the mobile part and the fixed line part of the 
system. 

15 One approach to integrate fixed wireline networks and mobile networks is based 
upon an Intelligent Network (IN) system that is provided "on top" of the two net- 
works. Then, if a subscriber wants to have one common directory number (DN), 
an identical service set and a consistent service profile for both networks, all 
services including the DNs have to be under control of the IN system. The un- 

20 derlying fixed and mobile networks are just used as vehicles to get the data to 
and from the IN system. This, however, has the drawback that the operator still 
has to manage two different networks and, in addition, the IN system, which 
leads to increased costs. Moreover, the expensive available service infrastructure 
present in the fixed and mobile networks is only partially used. Although it 

25 would be possible to convert services offered in the underlying fixed and mobile 
networks to the IN system, this solution is in most cases not practicable for cost 
reasons. 

Another approach which achieves, to a certain extent, an integration of fixed 
30 -lines into a mobile network, has been described in EP-A-0 779 757. Here, the 
fixed terminals are connected through fixed lines to an interface unit which, 
from the perspective of the MSC, behaves like a transceiver or like a so-called 
Base Station Subsystem (BSS) controlling one or more transceivers. The sub- 
scriber identifiers for the fixed line subscribers are encoded on SIM cards just as 
35 the identifiers for mobile subscribers, and these SIM cards are inserted in the 
fixed terminal devices. As a consequence, the fixed terminal devices must be 
equipped with a card reader in order to be able to connect the mobile network. 
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The main disadvantage of this approach is that non-standard fixed line signal- 
ling has to be used. 

EP-A-0 923 258 describes a similar solution which is also based on the use of 
5 an interface unit which is called a "Fixed Access Controller" (FAC). This FAC 
may be integrated in the mobile access node MSC or may be incorporated in the 
system somewhere between the MSC and the fixed terminals. The necessity to 
physically provide SIM-cards and SIM-card readers in the fixed terminal devices 
is avoided by employing so-called virtual SIMs (VSIMs) which may be imple- 
10 mented in the fixed access controller FAC. 

In this known system, specific measures are described for fully exploiting the 
larger bandwidth of fixed lines in comparison to wireless connections. Since the 
air link represents a bandwidth bottleneck, the communication among the vari- 

15 ous MSCs occurs at a higher transmission rate (e.g. 64 kB/s) than the commu- 
nication over the air link (e.g. at 16 kB/s), and the system includes certain in- 
terworking functionality for compression of voice data and for adapting the 
transmission rates. This interworking functionality may be implemented in the 
MSC or somewhere downstream towards the air link. If non-voice data (e.g. fax) 

20 are to be transmitted to a fixed line access, this interworking functionality is not 
needed and is even undesirable in view of the achievable transmission rate. This 
is why the known system provides means for bypassing the interworking func- 
tionality in case of (non-voice) data calls. 

25 Since the mobile network and the wireline network use different signaling proto- 
cols, the interface unit, e.g. the FAC, has to provide for protocol conversion. On 
the other hand, since the administration system of the mobile network treats the 
fixed access subscribers (represented by the virtual SIMs) as if they were mobile 
subscribers, the messages from the mobile network to the fixed terminal or vice 

30 versa, or at least portions of these messages, should be transmitted transpar- 
ently through the wireline network. 

In some of the embodiments disclosed in EP-A-0 923 258 this is achieved by 
providing a first interface unit between the mobile network and the wireline net- 
35 work and a second interface unit between the wireline network and the fixed ter- 
minal. Then, messages from the mobile network to the fixed terminal are encap- 
sulated in the first interface unit and, conversely, messages from the fixed termi- 
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rial to the mobile network are encapsulated in the second interface unit. If the 
wireline network is a Public Switched Telephone Network (PSTN), each of the two 
interface units will have a directory number within the PSTN system. However, 
these directory numbers are "invisible" for the mobile network, i.e. they are not 
5 stored in the Home Location Register (HLR) of the mobile network. 

In another embodiment, the fixed access terminal is an ISDN telephone, and in- 
terfacing to the mobile network is achieved by means of a converter which may 
be owned or rent by the fixed access subscriber and which emulates all the 

10 functions of a mobile transceiving device and terminates all mobile network sig- 
naling (e.g. DTAP signaling) from the MSC and converts it to ISDN Q931 signal- 
ing for the subscriber's terminal equipment. Since an ISDN basic rate interface 
comprises two traffic channels, the converter stores two different subscriber 
identifiers (IMSIs), one for each channel. These IMSIs are also stored in the HLR 

15 of the GSM mobile network, and they are treated there like IMSIs of two (differ- 
ent) mobile subscribers. The HLR does not "know" the ISDN directory number 
assigned to this access. 

Since, in these known systems, the HLR or, more generally, the administration 
20 system of the mobile network does not distinguish between a true mobile access 
and a virtual mobile access which in fact represents a fixed line access, the mo- 
bile network is not capable of providing all the services that are commonly pro- 
vided in a wireline network, and integration of lines and services can only be 
achieved to a limited extent. Moreover, provisioning of lines and services for the 
25 fixed line subscribers is effected mainly on the level of the MSCs or lower, i.e. in 
a decentralized way. This has the drawback that provisioning of fixed line access 
to the mobile network is difficult to manage, and when a user has subscribed to 
both a mobile access and a fixed line access, consistency of the respective serv- 
ice profiles cannot be guaranteed. 

30 

SUMMARY OF THE INVENTION 

It is a general object of the invention to provide for more convergence between 
mobile and wireline telecommunications networks. A more specific object of the 
35 invention is to provide a manageable way for provisioning lines and services for 
a fixed line subscriber to a mobile network. 
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According to the invention, there is provided a method for integrating fixed ter- 
minals in a mobile telecommunications network capable of handling calls to and 
from registered subscribers, comprising the steps of: 

connecting the fixed terminals through fixed lines to an interface unit for 
5 the mobile network; 

providing a register for storing, for each subscriber, subscriber information 
by which the subscriber is addressable; 

storing, as part of the subscriber information, access information specifying 
one or more predefined access types, fixed or mobile, that are available for that 
10 subscriber, and specifying whether or not the subscriber has multiple access to 
the network; and 

controlling the call handling on the basis of the stored access information. 

Since the type of access used by a subscriber is stored centrally in the register of 
15 the mobile network, e.g. the Home Location Register (HLR) of a GSM network, 
the administration system of the mobile network is enabled to provide access 
type-specific services. Another important advantage of the invention is that lines 
and services can be provisioned easily and consistently by reference to the regis- 
ter. If a subscriber has multiple access to the network, e. g. through one mobile 
20 and one fixed terminal or through the two channels of an ISDN Basic Rate Inter- 
face (BRI), this is indicated by the access information, and the accesses belong- 
ing to the same subscriber can be linked together for service profile consistency 
and for appropriate call handling, including the possibility to multiply calls that 
are terminating to a multiple access. 

25 

If, for example, a user has subscribed to a fixed line access and also to a mobile 
access, it is possible to have one and the same directory number for both ac- 
cesses. Thus, when the unique directory number is dialed, a query to the regis- 
ter reveals that the subscriber has multiple access, and the call will be offered to 
30 both accesses. As a result, the mobile telephone and the fixed line telephone of 
the subscriber will ring simultaneously. 

This implements the concept "one operator, one number". The single number 
doesn't have to be a "Mobile Subscriber ISDN Number" (MSISDN) of the type that 
35 is normally assigned within a mobile network, but it may be a number from a 
national numbering plan of a PSTN or of any other wireline network. This is par- 
ticularly attractive because a customer who plans to subscribe to a mobile net- 
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work typically possesses already a directory number for a wireline network, 
which in most case will be run another operator. Then, when the customer con- 
tracts with the operator of the integrated fixed/mobile network according to the 
invention, he may retain his old telephone number and may use it not only for 
5 the fixed access but also for his mobile phone. 

It is one of the remarkable advantages of the invention that the functionality of 
the mobile network can be enhanced for integrating fixed lines or wireline net- 
works within the framework of existing and well established standard protocols. 
10 This holds true not only for the GSM system but also for other types of mobile 
telecommunication networks such as Intelligent Networks (IN), UMTS networks 
and the like. 

The changes that have to be made in an existing mobile network are essentially 
15 limited to adding a new data structure for the access type information in the 
register and to minor modifications in the software controlling the signaling ac- 
cording to the standard protocols (e.g. the software implemented in the MSCs of 
the GSM system). Once these changes have been made, new fixed line accesses 
can be provisioned upon demand, simply by connecting additional fixed lines to 
20 the interface unit and by entering the pertinent data into the register. 

The invention further provides a telecommunications network including a mobile 
network and fixed lines connecting fixed terminals to the mobile network 
through an interface unit, the network comprising a register storing subscriber 
25 information for each subscriber to the network, wherein the subscriber informa- 
tion includes access information specifying one or more predefined access types, 
fixed or mobile, that are available for that subscriber, and specifying whether or 
not the subscriber has multiple access to the network. 

30 Embodiments of the invention may include one or more of the features described 
below, which are useful for dealing with more specific problems in the context of 
fixed/mobile convergence. 

In a preferred embodiment the register is in the form of a database in which 
35 each access is represented by an identifier and the associated subscriber infor- 
mation, and the access type information includes a reference to another identi- 
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fier which represents another access of the same subscriber. 

The references to other identifiers for the same subscriber may be used for link- 
ing together the identifiers and hence the accesses belonging to the same sub- 

5 scriber. Then, it may be specified that the service profiles associated with the 
various identifiers are linked together in a master/slave relationship, which 
means that the service profile that has been set up for the master shall also be 
valid for the slave or slaves. This assures consistency between the service pro- 
files in accordance with the concept "one operator, one profile". Of course, this 

10 concept is subject to certain limitations as far as services are concerned that are 
possible only within the mobile network or only within the wireline network. 
Since the access type is available in the register, the necessary restrictions to 
the service profile can be made automatically. 

15 The integration of services achieved by this feature has the advantageous effect 
that one and the same service, a voice mail service for example, is available re- 
gardless of whether access is made from a mobile terminal or a fixed terminal. 

More specific features of the invention will be exemplified below under the as- 
20 sumption that the mobile network is a GSM network and the fixed line access is 
an ISDN Basic Rate Interface (BRI). It will be understood however that these fea- 
tures may easily be adapted to other network environments. 

In order to support overlap dialing for calls terminating to a fixed access, it is 
25 preferable that the switch (MSC) associated with the fixed access controller 
(FAC) is a Gateway MSC (GMSC), i.e. a switch which is capable of routing calls 
to and from a PSTN. While mobile telephones can only send directory numbers 
for a call origination en-bloc, analog fixed lines only can send them overlapped, 
digit for digit. If there is a fixed dialing plan, this is not a problem, because, 
30 then, the total number of digits is known, and the originating switch can collect 
these digits and issue an en-block origination when the last digit has been re- 
ceived. 

In case of an open dialing plan, however, only the terminating switch of a call 
35 can decide that all digits have been dialed. The originating switch therefore has 
to forward digits of the call origination as soon as it can decide its terminating 
route. Further incoming digits are sent overlapped, digit per digit, to the termi- 
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nating switch. Since line provisioning is effected in the home location register 
(HLR), queries to the HLR would have to be repeated for each new incoming 
digit, and this would impose an unacceptable load on the HLR. However, when 
the terminating MSC controlling the fixed lines is a Gateway MSC, it is possible 
5 to check the validity of the dialed number in the GMSC and to issue an en-block 
query to the HLR. 

For an ISDN BRI access, it is preferable that the two identifiers (IMSIs) associ- 
ated with the two BRI channels are linked together in the HLR. Then, a call ter- 
10 minating to the BRI can be offered to both channels, and two active calls on the 
same access can be supported. 

In a BRI access, a distinction has to be made between two access sub- types: 
"point to point" and "point to multiple". Point to point lines usually serve small 

15 private branch exchanges (PBX). There is one base directory number, and after 
that base directory number the point to point access controls its own range of 
directory numbers for direct dialing (DDI). This range is decimal, so that there 
may be a range of 10, 100, 1000, etc. Since overlap dialing is supported, the 
user may specify by an appropriate entry in the access type information whether 

20 or not the call shall terminate directly if the first extension digit is "0". 

One of the most important services available in a point to multipoint-type BRI is 
the Multiple Subscriber Number (MSN). This means that a plurality of directory 
numbers is provided for the access, and it is left to the discretion of the user 
25 which directory numbers shall be used for which purpose. Preferably, this serv- 
ice is also supported in the integrated network according to the invention. 

Preferably, the system also supports functions like Call Waiting, Call Hold and 
Call Forwarding. This is possible even in case of point to multipoint termination, 
30 because an incoming call can be offered to both IMSIs of the line, as has been 
explained above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 A preferred embodiment of the invention will now be explained in conjunction 
with the accompanying drawings, in which: 



Nortel Networks Limited 



NOL P02 / 00/ US 



17.11.2000 



- 10 - 



Fig. 1 is a block diagram of an integrated fixed/mobile telecommunica- 
tions network; 

Fig. 2 illustrates the contents of a register administering subscriber in- 
5 formation for the subscribers to the network shown in figure 1 ; 

Fig. 3 is a data structure included in the subscriber information in the 
register; 

10 Fig. 4 is a diagram illustrating the logic connection between the mobile 

network and a fixed ISDN BRI access; 



Fig. 5 is a diagram for illustrating call processing in the network 
shown in figure 1 ; and 

Fig. 6 illustrates a signal flow that is used for call multiplication. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



20 An embodiment of the invention will now be described, taking the European 
GSM system as an example for a mobile network, although the invention is not 
limited thereto. 

Figure 1 shows the mobile network 10 having a switched access node architec- 
25 ture. The access nodes are formed by Mobile Services Switching Centers (MSCs) 
12 or a Gateway MSCs (GMSC) 16. The MSCs and GMSCs are fully intercon- 
nected, and each of them controls one or more Base Station Subsystems (BSS) 
18. Each BSS controls one or more base stations or transceivers 20 communi- 
cating through an air link, i.e. through radio waves, with mobile terminals 22 
30 that are present in their area of radio coverage. 

Each of the MSCs 12 and GMSCs 16 is further connected to a Home Location 
Register (HLR) 24 through signal lines 26. Subscriber information for all the 
subscribers to the network 10 is stored in the form of a database in the HLR 24. 
35 The subscriber information includes an identifier, i. e. a so-called International 
Mobile Subscriber Identity (IMSI), a directory number, e.g. a Mobile Subscriber 
ISDN number (MSISDN), by which the subscriber is addressable, location infor- 
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mation indicating where the terminating mobile terminal 22 of a call is presently 
located, and additional subscriber information including specifications of the 
service profile to which the subscriber is entitled. 

5 Each MSG and the GMSC include a Visitor Location Register (VLR) 28, 30 which 
stores copies of the data files from the HLR for those subscribers who are pres- 
ently roaming in the area of radio coverage of the associated MSC or GMSC. 
When a mobile subscriber roams into a radio coverage area or cell controlled by 
another MSC, the location information in the HLR and the files in the concerned 

10 MSCs have to be updated in a procedure called Location Update. 

GMSC 16 serves as a gateway to a wireline network, e.g. a Public Switched Tele- 
phone Network (PSTN) 32 which will usually run by a different operator and 
which connects analog telephones 34, ISDN telephones 36, computer terminals 
15 38, and the like. Although it is possible to route calls from the PSTN 32 to the 
mobile network 10 vice versa through the GMSC 16, these two networks are not 
integrated in the sense that services and/or directory numbers are shared 
among the two networks. 

20 Figure 1 shows another wireline network 40 which, in contrast to the PSTN 32, 
is integrated with the mobile network 10. The wireline network 40 connects to 
fixed terminals which may include analog telephones 42, ISDN telephones 44 
computer terminals 46, and the like. A fixed terminal may also be formed by a 
Private Branch exchange (PBX) 48 which branches to several terminal endpoints 

25 50. 

The wireline network 40 is connected to the mobile network 10 through an inter- 
face unit which is termed Fixed Access Controller" (FAC) 52. FAC 52 is con- 
nected to the Gateway MSC 16. In the shown embodiment, the FAC 52 is on the 
30 same hierarchic level as a BSS 18 serving a number of mobile terminals 22, and 
both, BSS and FAC are connected to the GMSC 16 through A-Interfaces. FAC 52 
may emulate a BSS, so that it may be handled by the GMSC 16 essentially like a 
"normal" BSS, although it terminates to fixed accesses. A single FAC may serve 
several GMSCs. 

35 

If interworking functionality for adapting the transmission rate to the lower ca- 
pacity of the air link is implemented in the BSS 18, this functionality may be 
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omitted in the FAC 52, because the fixed lines of the wireline network 40 allow 
for a higher transmission rate. If the interworking functionality is implemented 
in the GMSC 16, then means are provided for bypassing this functionality in 
case of non-voice calls terminating to the wireline network 40. 

5 

Since the fixed lines of the wireline network 40 are less vulnerable to illegal in- 
terception than the air links to the mobile terminals, the functionality that is 
normally implemented in a mobile network for encryption of data, authentica- 
tion of subscribers and other security measures may be simplified for the FAC 
10 branch. For example, authentication codes used in a mobile system are changed 
dynamically for security reasons, so that each code is useable only for a certain 
time and then becomes "dirty". By allowing the use of such dirty authentication 
codes in the FAC branch, processing time can be saved. 

15 The wireline network 40 may simply consist of fixed lines 54 which connect the 
fixed terminals to the FAC 52 either directly or through the intermediate of pe- 
ripherals. The fixed lines 54 and the peripherals may be owned by the operator 
of the mobile network 10 or may be rent from the operator of another network. 
Whereas a BSS serves only a restricted local area, it will be understood that the 

20 fixed terminals connected to the FAC 52 are not restricted to a certain area. For 
example, the wireline network may include peripherals that are located hun- 
dreds of miles away from the FAC 52. 

In a modified embodiment, the wireline network 40 may also be a switched net- 
25 work, e.g. a PSTN, through which messages between the FAC and the fixed ter- 
minals are transmitted transparently. In this case, it may however be necessary 
that the subscriber rents or buys additional equipment, e.g. a SIM card reader 
or the like, for getting access to the mobile network. 

30 When, in the shown embodiment, a new fixed terminal is to be integrated into 
the mobile network 10, this terminal has to be connected physically, by a new 
fixed line 54, to a free port of the FAC 52. It may be assumed that virtual SIMs 
for this port have been implemented beforehand in the FAC and that corre- 
sponding blank files are provided in the HLR 24. TTius, it is sufficient to enter 

35 the subscriber-specific data in the blank files in the HLR. A copy of these data is 
transferred into the VLR 30. This transfer is triggered by a Location Update 
which is issued automatically by the FAC when a subscribed line goes into serv- 
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ice. The new subscriber may then be treated as a (permanent) "visitor" to the 
GMSC 16. 

Figure 2 illustrates the structure of data stored in the HLR 24 for a single sub- 
5 scriber who has not only a mobile terminal 22 but also a fixed access through 
an ISDN BRI terminal, e.g. the PBX 48 in figure 1. In the HLR the subscriber 
identifier (IMSI) field serves as a key field of the database. As is shown in figure 
2, the one subscriber has three files in the data base, represented by three IM- 
SIs 56, 58, 60. IMSI 56 belongs to the mobile access, whereas IMSIs 58 and 60 
10 belong both to the fixed access. The reason for having two IMSIs for the fixed ac- 
cess is that an ISDN Basic Rate Interface (BRI) comprises two traffic channels 
62, 64 (Fig. 4) through which each of the terminal endpoints 66, 68, 70 can be 
reached. Since line provisioning is achieved under the control of the HLR, it is 
necessary to have also two IMSIs in order to fully exploit the capacity of the BRI 
15 access, although no fixed relation exists between the two IMSIs and the two line 
channels 62, 64. As is symbolized in figure 4, each of the two IMSIs may be 
linked to each of the two channels 62, 64. 

As is shown in figure 2, subscriber data are stored for each IMSI. These sub- 
20 scriber data comprise a directory number (DN) 72, location information 74 and, 
among others, service data 76 specifying the service profile for that IMSI. In case 
of the IMSI 56 related to a mobile access, the directory number 72 is in the 
MSISDN format. However, in case of IMSIs associated with a fixed access, this is 
generally not the case. 

25 

The service data 76 include parameter sets 78, 80, 82 for a variety of services to 
which the user may have subscribed. According to the invention, a new service 
"Fix Lines" has been added, and parameters 84 associated with this service con- 
stitute access information which permits appropriate line provisioning for the 
30 fixed and mobile accesses of the subscriber. The parameters 84 are organized as 
a data structure which is shown in figure 3. 

A first parameter "Access_Type" in this data structure specifies the access type 
associated with the IMSI, i.e. either "analog", "BRI primary", "BRI secondary" or 
35 "mobile". "BRI primary" and "BRI secondary" would be pertinent for the two IM- 
SIs 58, 60 associated with the BRI access. 
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If the access type is "analog", the data structure may optionally include a vector 
which indicates the IMSI associated with the mobile terminal of the same sub- 
scriber (e.g. the IMSI 56 in figure 2). This information is used for doubling a call. 
Thus, when a call terminates to the analog access of the subscriber, the HLR 
5 knows that this subscriber has also a mobile phone, and the call will automati- 
cally be offered to the mobile phone as well. 

Conversely, when the access type is "mobile", the data structure includes an en- 
try "Default.IMSr identifying the IMSI (or one of the IMSIs) belonging to the 
10 fixed access of the same subscriber, so that a call terminating to the mobile ac- 
cess can be doubled to the fixed access (even when the DNs of the fixed and mo- 
bile accesses are different). 

When the access type is "BRI primary", then the Directory Number (DN) that is 
15 bound against this IMSI is either the default MSN (Multiple Subscriber Number) 
DN of a point to multipoint access or the DN with the extension "0" for a point to 
point access. Subfields are used to identify the sub-type of the BRI access and to 
provision data used for it. In case of a point to multipoint access there are provi- 
sioned up to three call forward DNs for the call forward types "unconditional", 
20 "busy" and "no reply", a second MSN DN with the same call forward vector and, 
optionally, a third to tenth DN with the same call forward vectors. 

In case of a point to point access, the data specify a base DN, i.e. the directory 
number without direct dial in extension, the range of the direct dial-in exten- 
25 sion, a parameter indicating whether the call shall be terminated directly if the 
first extension digit is "0", and up to 10 valid extensions with a DN to that all 
calls to this extension are offered as well. Thus, when a call is terminated to one 
of these extensions and the user of the extension has also a mobile phone, then 
the call can be doubled to the mobile phone of this user. 

30 

The access type "BRI secondary" refers to the second IMSI for a BRI access, e.g. 
the IMSI 60 in figure 2. This IMSI is used to enable two active calls on one BRI 
interface and to double the call offer to an "active" BRI access in order to enable 
Call Hold. The directory number that is bound against this IMSI (the DN entered 
35 in the field 72 in figure 2) is the second MSN DN of a point to multiple access or 
the DN with extension "1" for a point to point access. Hie parameters include a 
reference to the primary IMSI. This reference simply consists of a part (MSIN) of 
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the IMSI, which specifies the subscriber within the operators network, because 
other parts of the IMSI, i.e. the mobile country- and -operator codes are the 
same as those of the primary IMSI. Again, another field optionally specifies the 
IMSI of a mobile phone to which the call has to be doubled. This mobile IMSI is 
5 specified only for the secondary IMSI of the BRI, because the primary and secon- 
dary IMSIs are always linked together. Thus, a call terminating to a fixed access 
can in any case be doubled to an optional mobile access of the same subscriber. 

The service profiles associated with the IMSIs of the same subscriber are also 
10 linked together. TTiis can be achieved by declaring that one IMSI, e.g. the pri- 
mary IMSI for the BRI access, is the master IMSI and all other IMSIs are slaves. 
Then, any changes to the service profile entered for the master IMSI will auto- 
matically be taken over for the slaves, so that profile consistency is guaranteed. 
However, the access type information included in the "Fixed Lines" parameter 84 
15 can be used to restrict the service profile to services possible with analog de- 
vices, if the access type is "analog" . Corresponding restrictions can also be made 
for the other access types. 

Figure 5 illustrates the main call handling steps for establishing a call connec- 
20 tion. The call may originate from a mobile terminal 22 of the network 10, from 
the PSTN 32 or from a fixed terminal connected to the wireline network 40. 

If the call terminates to a the mobile access 22, then the call will first arrive at 
one of the MSCs or the GMSC (originating MSG) and will then be routed to an- 

25 other MSC (terminating MSC) that it visited by the called device. For illustrative 
purposes. GMSC 16 in figure 5 has been split into two parts, with the part on 
the left side playing the roll of the originating MSC and the part on the right side 
playing the roll of the terminating MSC. In a first step (1.). a directory number 
DN is received at the originating side of the GMSC. If this number is of the 

30 MSISDN type, which means that it points to a mobile terminal, a "Send Routing 
Information" query (SRI) is sent to the HLR 24 in a second step (2.). HLR 24 
identifies the IMSI of the called terminal and identifies the terminating MSC on 
the basis of the stored location information. Then, in step 3, a query "Provide 
Roaming Number" (PRN) is sent to the terminating MSC, and this MSC returns, 

35 in step 4, a roaming number under which the called terminal can be reached. 
This roaming number is then returned to the originating MSC in an SRI ac- 
knowledge message (step 5). Then, in step 6, the originating MSC sends the Mo- 
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bile Subscriber Roaming Number (MSRN) to the terminating MSC, where the 
connection with the called mobile terminal is built up. This last step is not 
shown in figure 5, because figure 5 illustrates the case that the call is terminat- 
ing to a fixed access. 

5 

When the called DN is not of the MSISDN type and, instead, specifies a fixed ter- 
minal, the call will always arrive at the Gateway MSC 16 associated with the 
FAC 52. With a message "Insert Subscriber Data" (MAP/D standard), the Visitor 
Location Register (VLR) 30 associated with this GMSC automatically gets from 

10 the HLR 24 the "Fix Lines" service data 84 for all the fixed terminals connected 
to the wireline network 40. From these data, the VLR 30 extracts all BRI point to 
multipoint MSNs, all BRI point to point base DNs and all analog line DNs and 
sets up a DN table in which the extracted DNs are mapped to the (primary) 
MSENs (last parts of the IMSIs) of the access. Hie validity of the DN received in 

15 step 1 can then be checked against this table. 

If the call originates from an analog terminal, e.g. the analog telephone 32 in fig- 
ure 1, overlap dialing is used, and the last digits of the DN drop in one by one at 
the GMSC 16. The GMSC queries the VLR as to the validity of the incoming DN. 
20 The VLR returns "yes" if the sequence of incoming digits is identical to one of the 
DNs stored in the table. It returns "may be, if the incoming digits are consistent 
with one of the stored DNs but the DN is not yet complete, and it returns "no" if 
the sequence of digits is not consistent with any of the stored DNs. In the latter 
case, the call is released. 

25 

If the DN is valid, the VLR can determine the IMSI against which the DN is 
bound. If the DN is one of a primary BRI access, the VLR can also identify the 
IMSI for the secondary access by referring to the "Fix Lines" profile of the pri- 
mary access. This profile includes the DN against which the secondary IMSI is 
30 bound (either the second MSN or the base DN with extension "1"). It should be 
noted however that the VLR 30 could not retrieve the service profile of a linked 
mobile access (unless the mobile phone happens to visit the GMSC 16). 

The VLR 30 returns the access type, the status of the IMSI(s) and, if necessary, 
35 additional access specific information for the called DN. 

The SRI query now includes a new parameter ("fix line") which forwards to the 
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HLR the information necessary for deciding whether a call needs to be doubled. 

The details of call processing depend on the type of the terminating access. 

5 At first, the case will be described that a call is terminating to an analog access, 
e.g. to the analog telephone 42. In this case, there is no additional access spe- 
cific information. As soon as the VLR query returns with a valid DN, the GMSC 
16 sends the SRI query with the "fix line" parameter set to the HLR. 

10 The HLR detects that the "Fix Lines" service is provisioned for the IMSI that be- 
longs to the DN used for the query. If no mobile terminal is linked to the "Fix 
Lines" profile, the analog line is handled like a mobile line. Thus, the call con- 
nection is built up following the steps 3, 4, 5 and 6 in figure 5, and in step 7 the 
MSRN is converted into the DN of the terminating access and is sent to the FAC 

15 52. 

If, however, the "Fix Lines" profile for the analog access includes a reference to a 
mobile access, the call has to be offered to the mobile access as well. To this 
end, the HLR returns not only the call DN but also the MSISDN of the mobile 

20 terminal on the SRI query with the "fix line" parameter set. The MSC then issues 
two new SRI queries for the two DNs, each without the "fix line" parameter set. 
The HLR returns two roaming numbers that are used by the GMSC to build the 
two terminating legs of the call, with the result of simultaneous ringing of the 
analog line and the mobile phone. The call association is done in the GMSC 16. 

25 As soon as one call leg connects, the other one is released by the GMSC. 

Next, a call terminating to a BRI point to point access will be described. 

Here, the VLR query (subsequent to step 1) returns: the access type (BRI point 
30 to point), the base DN of the access, the number of extension digits and a pa- 
rameter indicating whether or not the call has to be terminated directly if the 
first extension digit is "O". 

The GMSC then collects the additional digits needed for completing the exten- 
35 sion and issues an SRI query with a DN formed by the base DN + "0" and with 
the "fix line" parameter set. In this case, the "fix line" parameter includes the di- 
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aled extension and the state of the two IMSIs. 

If no mobile is linked to the extension, i.e. if the user of the call extension does 
not have subscribed for a mobile telephone in the network 10, the call is han- 
5 died essentially like a normal mobile call. The HLR chooses the first idle IMSI 
and uses that one for the PRN query in step 3. 

If no IMSI is idle, the GMSC 16 gets an indication about this from the HLR 24 
and releases the call to the originator with the cause "user busy". 

10 

If there is a mobile linked to the extension and both fix line IMSIs are busy, the 
call is only routed to the mobile. If the mobile's MSISDN is controlled by the HLR 
24, the HLR issues the PRN query directly. Otherwise, it returns the MSISDN 
without the "fix line" parameter set. and the call will be routed to a mobile in an- 
15 other network. 

If at least one of the fix line IMSIs is free, the HLR returns both the DN stored 
against the IMSI and the MSISDN of the mobile, with the "fix line" parameter set. 
Then, the call offer is doubled in the same way as described above for analog 
20 lines with mobiles. 

Next, the case of a call terminating to a BRI point to multipoint access will be 
described. 

25 Here, the VLR query returns: the access type (BRI point to multipoint), the de- 
fault DN of the access i.e. the DN to be used to query the HLR, and an internal 
index (0 ... 9) of the called DN (MSN) in the subscriber's DN table. 

From there, the GMSC gets the linked IMSI and the state of the two IMSIs and 
30 issues the SRI query with the default DN and with the state of the IMSIs and the 
index of the real called DN in the "fix line" parameter. 

The result depends on various circumstances, the most important of which are 
whether or not a mobile is linked to the "Fix Lines" profile. Call Waiting, Call 
35 Hold or Call Forwarding are provisioned against the profile, and the state of the 
fix line IMSIs. 
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The easiest case is that Call Forward Unconditional is set for the MSN repre- 
sented by the index. In that case, the call forward number is returned in the 
same way as a call forward number would be returned for a normal mobile IMSI. 

5 Another possibility is that all IMSIs (the two fix line IMSIs and the optional mo- 
bile IMSI) are busy and Call Forward Busy is set for the real called MSN. The call 
is then processed in the same way as described above for "Call Forward Uncon- 
ditional". 

10 Another possible case is that there is no mobile component and neither Call For- 
ward Unconditional nor Call Forward Busy is set for the called MSN. 

If both IMSIs are idle, the HLR 24 uses the primary IMSI for the PRN query, and 
the call is terminated like a mobile call, with the only difference that, when the 
15 call is forwarded to the FAC in step 7, the real called MSN is derived from the 
DN index and is inserted as the called DN. 

In the same scenario with a mobile component, the HLR would return the de- 
fault DN and the mobile's MSISDN to the GMSC 16, which would in turn issue 
20 additional SRI queries for those DNs without the "fix line" parameter set. Thus, 
the call offer would be doubled like in the analog case. Again, the real called DN 
(MSN) would be used for the called DN in step 7. 

If at least one of the fix line IMSIs is busy, the behavior varies depending on the 
25 provisioning of Call Hold and Call Waiting. 

If all IMSIs are busy and Call Waiting is not provisioned, the HLR indicates that 
to the GMSC, and the call is released with the cause "user busy". 

30 If call waiting is not provisioned and at least one IMSI is idle, this one IMSI gets 
the call offered. If only one fix line IMSI is busy and a mobile is in the profile, the 
call is offered to both the mobile and the idle IMSI. 

Next, cases will be discussed in which Call Waiting is provisioned but Call Hold 
35 is not. 

If there is no mobile, and only one IMSI is idle, the call is offered only on the idle 
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IMSI. If both IMSIs are busy, the call is offered only on the primary IMSI (with 
Call Waiting indication). If there is already a second call offered on this IMSI, the 
call is released immediately. 

5 If a mobile is in the profile, the call is offered to the mobile as well. If both fix line 
IMSIs are busy and a third call is offered for the primary IMSI, a next call is of- 
fered only to the mobile, or it is released, if there is already a call waiting on that 
mobile. 

10 The most complex case is the one, where Call Waiting and Call Hold are provi- 
sioned and at least one of the two fix line IMSIs are busy. In this case, a new in- 
coming call has to be offered to both fix line IMSIs to avoid blocked B-channels 
and unretrievable calls. 

15 The FAC 52 has to associate the two call offers and generate one offer to the ter- 
minal side. Internally, the FAC has to have a temporary association between 
Terminal Endpoint Identifier (TEI) and IMSI for active calls. As soon as the ter- 
minal side connects, the FAC has to pass the Connect only to the correct IMSI. 
The other call leg will then be released automatically by the GMSC. 

20 

An example for this last scenario is illustrated in Table I which shows the inter- 
nal IMSI/TEI linkage. 

25 



30 



35 
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Table I 



5 







IMSI A 


IMSIB 


BCI 


BCII 


Terminal 66 


Terminal 68 


Terminal 70 


1 


offering for call 1 


Ol 




o 1 




ol 


ol 


ol 


2 


call 1 active 


CI 




c 1 




cl 






3 


(call 1 active) 


CI 




c 1 




cl 








offering for call 2 


02 a 


02 




o2 


o2 


o2 


o2 


4 


(offering for call 2) 


02 


02 




o2 


o2 


o2 


o2 




call 1 goes on HOLD 


HI 




one BC is reserved 


hi 






5 


(call 1 on HOLD) 
call 2 active 


HI 
C2 




free 


reserved 
c2 (used) 


hi 

c2 






6 


(call 1 on HOLD) 


HI 






reserved 


hi 








(call 2 active) 


C2 






c2 


c2 




o3 b 




offering for call 3 


03 


03 


o3 




o3 


o3 


7 


(call 1 on HOLD) 
(call 2 active) 
call 3 active 


HI 
C2 


C3 


c3 


reserved 
c2 


hi 

c2 


c3 





a) Offered with Call Waiting Indication 

b) Offered without B-channel and Call Waiting Indication 

25 IMSI A and IMSI B are linked against the same line in the FAC. In line 1 of the 
table, the GMSC sends a first setup message to the idle access (Ol) The FAC 
sends a Q931 Setup (ol) to the BRP loop which has the terminals 66, 68 and 70 
and declares B-channel I (channel 62) to be used. The call (Cl) is linked to IMSI 
A. 

30 

Terminal 66 accepts the call (line 2). 

In line 3, a second call arrives. This call is now offered to both IMSIs. The result- 
ing Q931 Setup is offered on the free B-channel II (channel 64 in figure 4). The 
35 call is linked to both IMSIs. 
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In line 4. terminal 66 goes on hold thereby reserves one of the B-channels. 

Terminal 66 then accepts the second call (c2) on the B-channel II. This frees up 
the reserved B-channel I. The Connect towards the GMSC is sent for IMSI A, and 
5 IMSI B is released by the GMSC (line 5). 

In line 6, a third call (03) is offered on both IMSIs A and B. IMSI A gets this call 
offered because GSM specifies to offer a third call. On the terminal side, the call 
is offered on the B-channel I (o3). 

10 

In line 7. terminal 68 accepts the call. 

As will be understood from the above description, call doubling is required on 
several occasions when a call terminates to a fixed access. The call doubling pro- 
15 cedure is implemented in this embodiment by adding the parameter "fix line" to 
the SRI query and by querying the HLR 24 repeatedly, first with the "fix line" pa- 
rameter set and then for each of the returned DNs without the "fix line" parame- 
ter set, as is illustrated in figure 6. 

20 This information flow is possible without changes to the trunking protocols used 
between the originating MSC and the terminating MSC, because the MSC con- 
trolling the fixed lines is a gateway MSC. 

Under many national laws, legal Call Interception must be provided for. In this 
25 context, any MSN of a BRI point to multipoint access may be a legal target. In 
the shown embodiment, legal fixed line targets can be marked in VLR 30, and 
the GMSC 16 may start the Call Monitoring and Call Interception procedures. 
Likewise, the system may easily be arranged for delivery of the calling number 
and/or the connected number. 

30 

If a call originates from an analog telephone 42 in the wireline network 40, the 
FAC 52 has to collect the digits in order to forward the DN en-bloc to the GMSC 
16. 

35 For a BRI access, the GMSC 16 is in charge for screening calling- and connected 
numbers. To do the screening, the GMSC normalizes the number (to the format 
of a national number) and validates it against the DN table stored in the VLR 30. 
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If the number is a valid MSN of the access that originated the call, the MSN as 
stored in the VLR DN table is used as calling- or connected number. Otherwise, 
the default DN of the access is used, and the screening indicator is set to "net- 
work provided". 

5 

Although a preferred embodiment of the invention has been described, a person 
skilled in the art may conceive of various modifications which are understood to 
be encompassed by the present invention as specified in the appended claims. 

10 
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